ABSTRACT
INTRODUCTION
Dexamethasone acetate (DMA), 9-Fluoro-11β, 17,21-trihydroxy-16α-methylpregna-1,4-diene-3,20-dione, is a synthetic glucocorticoid drug of the class of steroid hormones widely used in the clinics with low aqueous solubility, which limits its oral absorption. Furthermore, the lack of water solubility reduces the flexibility for drug formulation and administration. DMA is an important drug that exerts various inhibitory effects on the inflammatory processes and as an immunosuppressant agent in autoimmune conditions (Dinis-Oliveira et al. 2006; Li et al. 2013; Urbánska et al. 2014 ) like rheumatoid arthritis. It is also given to cancer patients undergoing chemotherapy to counteract certain side-effects of their antitumor treatment. In brain tumors (primary or metastasis) DMA is used to counteract the development of oedema, which could eventually compress other brain structures (Fiore et al 2010) . It is also given in cord compression where the tumor is compresses the spinal cord (Genovese et al. 2007; Bains and Hall 2012) .
Most of the anti-inflammatory effects of DMA are mediated by the modulation of gene expression through either a direct interaction of the glucocorticoids (GCs) receptor to DNA or an interference with the function of transcription factors such as prostaglandin (PG) and leukotrien (Chu et al. 2014) . Various techniques have been used to improve the solubility/dissolution rate of poorly water-soluble drugs, among which cyclodextrin (CD) complexation is of particular interest (Wu et al. 2010; Hu et al. 2012) . The complexes with β-CD have been prepared by different methods such as kneading, coevaporation, physical mixture and freeze drying (Ruz et al. 2012; George and Vasudevan 2012; Passos et al. 2012; Qiu et al. 2014) . CDs are cyclic oligosaccharides consisting of covalently linked glucopyranose rings. α-, β-, and γ-CDs are naturally occurring CDs combining six, seven or eight glucopyranose units. The CDs and their derivatives are used in pharmaceutical formulations to enhance the solubility, dissolution rate, stability and bioavailability of poorly watersoluble compounds. The property of enhancing solubility may be explained by the formation of water-soluble inclusion complexes in which the hollow truncated, cone-like CD structure, encapsulates hydrophobic drug molecules in the apolar interior. The hydrophilic region of the CD enables the solubilisation through interaction with water molecules. Encapsulation of a drug molecule affects many of its physicochemical properties and can result in increased aqueous solubility (Shen et al. 2005; Gazpio et al. 2005; Zhang et al. 2009 ). The purpose of this study was to investigate the bioavailablity of DMA in complex form with β-CD in comparison with the free DMA through the gastrointestinal absorption. It is a drug model with high log P, which demonstrates the potential of using the complexes to increase the solubility.
MATERIAL AND METHODS
The DMA was supplied by Laboratório Farmacêutico do Estado de Santa Catarina -LAFESC (Florianópolis, Brazil) and β-CD was obtained from Roquette (Genay, France).
Preparation of physical mixtures and inclusion complexes
The preparation of solid complexes of DMA and β-CD were performed by different techniques.
Based on the results of the preliminary phase solubility studies, the molar ratio was kept at 1:1 in all the cases. Kneading method: Kneaded (KN) product was obtained by adding small amount of water to β-CD placed in a mortar and mixed to obtain a homogeneous paste. Then, DMA powder was slowly added and the mixture was kneaded for 60 min. During the process, few drops of water were introduced to maintain a suitable consistency. The resulting paste was dried in an oven at 45ºC for 24 h. The dried complex was pulverized into a fine powder. Coevaporation method: Coevaporated (CV) product was obtained by dissolving equimolar amount of β-CD and DMA in suitable volumes of 50% ethanol. The solution was shaken at 25ºC for seven days and the solvent was then removed in an oven at 45°C for 24 h. The obtained solid was pulverized into a fine powder. Physical mixture method: Physical mixture (PM) product was prepared by homogeneous blending of previously weighed DMA and β-CD in a mortar for 10 min. Freeze Drying method: Freeze-dried (FD) product was prepared by dissolving the β-CD in ethanol: NaOH 0.1M (1:3; v/v) solution and adding the stoichiometric amount of the drug. The suspension was shaken at 25ºC for 48 h. The resulting solution was frozen by keeping it in a repository at -20ºC and lyophilized in a freeze-dryer (Terroni Fauvel LT 1000/8, Brazil) for 24 h. The kneading, coevaporation, physical mixture, freeze dried products and free DMA were administrated in the suspension of the 0.5% carboxymethylcellulose (CMC). The vehicle was prepared 24 h before each test and used for seven days after the preparation. 
Pharmacodynamic studies

Analgesic effects of the complexes -the writhing test
The abdominal constrictions test resulting from intraperitoneal (i.p.) injection of acetic acid (0.7%) was conducted according to the procedures described by Besra et al. (1996) . Groups of six animals were treated with the suspensions at 2 mg/kg dose of DMA, KN, CV, PM, FD and the control group received 0.5% CMC. After 1 h, acetic acid was administered (i.p.). The number of writhing movements, characterized by the contraction of abdominal muscle together with a stretching of hind limbs, was counted for 20 min.
Carrageenan-induced paw oedema
The procedure used to assess the antiinflammatory activity was based on the method used by Winter et al. (1962) . The animals were treated with the 0.5% CMC suspension (control group) or DMA, KN, CV, PM and FD complexes in the dosage of 2 mg/kg. After 1 h of sample administration, edema was induced by injecting the carrageenan (300 µg/paw diluted in 50 µL in sterile saline) into the plantar side of the left hind paw of the six animals. Three hours later, the mice were sacrificed by cervical dislocation and the right and left paws were weighed. The parameter evaluated was the increase of the weight of the left paw versus the right hind paw, which remained as a control.
Formalin-induced paw licking in mice
The procedure was essentially similar to that described by Correa and Calixto (1993) . Formalin solution (30 µL, 2.5% in distillated water) was injected subcutaneously under the surface of the right hind paw in the test groups. The total amount of time spent licking the injected paw was recorded, and was considered as an indicator of pain. The animals were treated with 0.5% suspension of CMC (control group) or with 2mg/kg of DMA, KN, CV, PM and FD complexes. After 1 h, formalin (2.5%) was injected and the responses were observed for 40 min. The first phase of the nociceptive response normally peaked 5 min after formalin injection and the second phase 15-40 min after formalin injection, representing the neurogenic and inflammatory pain responses, respectively (Hunskaar and Hole 1987) .
Oral bioavailability study Swiss mice weighing 30-40 g were used. All mice were allowed free access to water, but were fasted for 12 h before drug administration and 4 h after drug administration. The mice were divided into groups of six. The formulations were administered orally via bucco-gastric tube. The DMA, KN, CV, PM and FD (suspension of 0.5% CMC) was administrated at the dose of 20 mg/kg. After drug administration, the animals were sacrificed and blood samples were collected at the following time intervals: 1, 2, 4, 8 and 24 h. Lastly, the blood samples were heparinized and centrifuged individually. After the extraction process, the blood samples were frozen until HPLC analysis.
HPLC analysis
A modular liquid chromatograph equipped with a Merck Hitachi 7000 IF-Lachrom and gradient pump (L-7100, Merck Hitachi), an autosampler (L-7200, Merck Hitachi) fitted to a 100 µL sampler loop (Rhedyne), a variable wavelength detector (UV-L-7400), a column oven (L-7300, Merck Hitachi) and an interface (D-7000, Merck Hitachi) connected a computer were used. In order to precipitate the proteins, 1.0 mL of methanol was added to each aliquot (0.25 ml) of plasma sample. After vortex-mixing for 1 min, samples were centrifuged at 3000 rpm for 10 min and the supernatant were analyzed. The DMA assay was conducted using a 5 µm RP-18 (LiChrospher ® 100) 125 x 4 mm column and a mobile phase containing 70% acetic acid 1% and 30% methanol at a flow rate of 1 mL/min. Samples were analyzed at 254 nm. Under these conditions, the retention time was 15 min.
Bioavailability parameters
The bioavailability parameters were calculated by plotting the absorption profile of dexamethasone acetate, nd the products of the physical mixture, kneading, coevaporation and freeze-drying. The following pharmacokinetics parameters were evaluated: maximum concentration of the drug in plasma (C max ), time to reach C max (T max ) and the area under the curve from 0 to 24 h (AUC 0-24 ). The maximum plasma concentrations and the corresponding times were calculated as the mean of the experimental data. AUC values were estimated via trapezoidal summation. Results were considered significant at the 5% critical level (p < 0.05).
RESULTS AND DISCUSSION
The products obtained by kneading, coevaporation, physical mixture, freeze-drying methods were previously characterized by differential scanning calorimetry, thermogravimetry, infrared spectroscopy, optical microscopy and dissolution studies (Ruz et al. 2012; Loh et al. 2014; Mennini et al. 2014) demonstrating that all the methods were efficient in the complexation. Acetic acid induces the pain by increasing the levels of PG-E2 and PG-F2a (Deraedt et al. 1980) at the peritoneal receptors (Bentley et al. 1983) and is a sensitive method in detecting the analgesic efficacy of the agents (Collier et al. 1968) . Results obtained in the present study showed that the formulations exhibited the same anti-nociceptive effect against acetic acid-induced response in mice, inhibiting the peripheral stimulus involved in the induction of nociception signalization (Rang et al. 2012) . Glucocorticoids are widely used as antiinflammatory and immunosuppressive agents to control several chronic and acute diseases. Their therapeutic activity is due to the enhanced intensity of the physiological effects of endogenous steroids (Bosscher et al. 2000; Payne and Adcock 2001) . Glucocorticoids function via the glucocorticoids receptor, which regulates the transcription of several target genes and also mediates glucocorticoids effects indirectly via a negative or positive regulation of transcription factors and other signaling proteins (Payne and Adcock 2001; Wikstrom 2003) . The anti-edematogenic activity to the free DMA and to KN, CV, PM and FD complexes was evaluated by carrageenan-induced paw oedema. The carrageenan-induced paw oedema is an in vivo model of inflammation (Winter et al. 1963 ) used to test whether there is activity upon the cyclooxygenase products of arachidonic acid metabolism and the production of reactive oxygen species (Smith et al. 1974 ). Development of oedema induced by carrageenan is commonly correlated with the early exudative stage of inflammation. The results presented in Figure 2 showed that the DMA, and KN, CV and PM complexes reduced significantly (p < 0.05) the paw oedema, in relation to the control group. The freeze dried product did not show the same effect observed in the others complexes, when compared with the control group. There was an increase in the paw weight of animals, which were treated with this formulation. After the carrageenan injection, there is a progressive elevation of paw volume induced by the liberation of several mediators (Geen 1964) . In this study, the paw oedema was due to the prostaglandins and kinins liberated, which accompanied leukocyte migration and plasmatic exudation (Garcia et al. 1973) . After 3 h, the inflammation decreased in the paws of animals treated with free DMA, KN, CV and PM because the weights of the paws were significantly different from the control group. This showed that the DMA complexes were as effective as free DMA in blocking the paw oedema by carrageenan and suggested that these formulations could also be involved in the reduction of inflammatory precursors, as observed in the effect of the free DMA. It also showed that the anti-inflammatory activity of dexamethasone was still significantly preserved in the complexes. The formalin test assesses the behavioral response of injection of this algogen into the paw of the animals. The response consists of licking and elevation (lifting) of the injected paw, flinching, and also protection of the paw from full pressure when walking or resting. This behavior occurs in a biphasic pattern, with an immediate response after the injection, which comes right after the injection, on the first 5 min, and a second phase beginning from 15 to/40 min after the injection (Porro and Cavazzuti 1993) . Drugs that act primarily on the central nervous system inhibit both the phases equally while peripherally acting drugs inhibit the late phase, which is related to the synthesis of inflammatory mediators. The first phase involves the direct activation of nociceptors by the algogenic agent (Tjolsen et al. 1992) . Figure 3 shows the influence of the free DMA, KN, CV, PM and FD complexes on the nociceptive behavior of the animals after formalin injection. Both free DMA and its complexes were ineffective in reducing the total time of nociceptive behavior in the first phase (0 at 5 min). In the second phase (15 at 40 min), the drugs administrated also did not show significantive difference in comparison to the group, which received only formalin (p > 0.05), with exception to the freeze dried complex. Statistically, there was a relevant difference in the FD antinociceptive activity in relation to the free DMA group (p < 0.05). Dexamethasone is a potent inhibitor of the inflammatory mediators, this justifies its reduction of the total amount of time the animals spent showing nociceptive behavior. There was no significant increase indexamethasone associated with cyclodextrin complexes, which suggesteds that the maximum effect of this drug might have been already reached, since the complexes showed no higher efficacy than free DMA. In vivo bioavailability study The bioavailability was studied for the plasma concentration of the free DMA in relation to the products complexes KN, CV, PM and FD. Figure  4 shows the mean DMA drug concentrations after the oral administration of the free DMA and DMA complexed with cyclodextrin produced by different methods at the dose of 20 mg/kg. Analyzing the Figure 4 , the evaluation of the bioavailability showed that's all the complexes permitted the absorption of the drug, although in different quantities. It was clear from this figure that the cyclodextrin complexes decreased the DMA oral bioavailability in relation to the free DMA. Low DMA concentrations were obtained after oral administration of the DMA: β-CD, compared with the free DMA. Relevant pharmacokinetic parameters corresponding to the plasma concentration profiles are listed in Table 1 . C max , T max and AUC 0-24 h were compared after the administration of the free DMA and DMA complexes. For all the DMA:β-CD complexes and free DMA, the T max were similar, since after the T max everyone had a sharp decline till the peak at 8 h. The pharmacokinetic evaluation of dexamethasone carried out on mice in the present study showed that complexing dexamethasone with β-CD for different methods modified some parameters related to the phases of absorption and elimination. Between 8 at 24 h, the elimination peaks were constant. The complexation with CD seemeds to have affected the absorption of the drug, which produced lower plasmatic levels of DMA. The complexes kneading, coevaporation, freeze drying and physical mixture demonstrated significant difference (p < 0.05) for C max in relation to free DMA, which showed for the complexes worsening the absorption and bioavailability. T max remaineds constant between the free DMA and the four complexes (p > 0.05). However, the AUC 0-24 h had significant difference (p < 0.05) between the free DMA and products KN, CV, PM and FD. The complexes products KN and PM had better bioavailability with significant difference in comparison to the CV and FD complexes products. The in vivo evaluation of pharmaceutical drug preparations with poor solubility was performed for a single dose at 20 mg/kg. Invitro results obtained with the same complexes used by Doile et al. (2007) showed that the FD and KN products exhibited higher dissolution rates than the drug alone. The extent of the enhancement of the dissolution rate was dependent on the preparation method, since physical mixture and coevaporated showed lowes dissolution rates (Doile et al. 2007 ). Comparing the dissolution rate with the bioavailability, the results obtained were contradictory, as the FD product showeds a minor bioavailability in relation to others complexes and free DMA. This decrease might be a result of a reduction in the permeability of the organic biological membranes caused by the complexation process.
Even though there was a reduction in the absorption in relation to free DMA, there was no significant influence in the therapeutic effects of DMA in the different complexed forms. However, this suggesteds that might have a better pharmacological activity, once they could reach the same response as free DMA with lower plasmatic levels. This would be significant because the same effect could be reached with lower levels, which also implied in lower incidence of side effects, as there was less free drug available to reach other tissues.
CONCLUSIONS
The pharmacokinetic evaluation of dexamethasone carried out on mice in the present study showed that complexed DMA with β-cyclodextrin modifieds some parameters related to the phases of absorption and elimination of this drug. DMA in the free form displayed significantly higher absorption speed than did the DMA: β-CD complex. T max was constant, but C max and AUC of the products complexes were significantly different (p < 0.05) of the free DMA. However, the pharmacodynamic tests evaluated the antiinflammatory activity, anti-edematogenic and nociceptive of the drug, they showed that the effect of DMA complexed was maintained in relation to the drug not complexed.
